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ABSTRACT 


DURING THE PAST ACADEMIC YEAR THE FOCAL POINT OF THIS 
PROJECT HAS BEEN TO ENHANCE THE ECONOMICAL FLIGHT SIMULATOR 
SYSTEM BY INCORPORATING IT INTO THE AREO ENGINEERING 
EDUCATIONAL ENVIRONMENT. TO ACCOMPLISH THIS GOAL IT HAS 
BEEN NECESSARY TO DEVELOP APPROPRIATE SOFTWARE MODULES THAT 
PROVIDE A FOUNDATION FOR STUDENT INTERACTION WITH THE 
SYSTEM. IN ADDITION EXPERIMENTS HAD TO BE DEVELOPED AND 
TESTED TO DETERMINE IF THEY WERE APPROPRIATE FOR 
INCORPORATION INTO THE BEGINNING FLIGHT SIMULATION COURSE, 
AERO— 418. FOR THE MOST PART THESE GOALS HAVE BEEN 
ACCOMPLISHED. EXPERIMENTS HAVE BEEN DEVELOPED AND EVALUATED 
BY GRADUATE STUDENTS. MORE WORK NEEDS TO BE DONE IN THIS 
AREA. THE COMPLEXITY AND LENGTH OF THE EXPERIMENTS MUST BE 
REFINED TO MATCH THE PROGRAMMING EXPERIENCE OF THE TARGET 
STUDENTS. IT HAS BEEN DETERMINED THAT FEW UNDERGRADUATE 
STUDENTS ARE READY TO ABSORB THE FULL EXTENT AND COMPLEXITY 
OF A REAL-TIME FLIGHT SIMULATION. FOR THIS REASON THE 
EXPERIMENTS DEVELOPED ARE DESIGNED TO INTRODUCE EiASIC 
COMPUTER ARCHITECTURES SUITABLE FOR SIMULATION, THE 
PROGRAMMING ENVIRONMENT AND LANGUAGES, THE CONCEPT OF MATH 
MODELES, EVALUTION OF AQUIRED DATA, AND AN INTRODUCTION TO 
THE MEANING OF REAL-TIME. 

THIS REPORT INCLUDES AN OVERVIEW OF THE SYSTEM ENVIRONMENT 
AS IT PERTAINS TO THE STUDENTS, AN EXAMPLE OF A FLIGHT 
SIMULATION EXPERIMENT PERFORMED BY THE STUDENTS, AND A 
SUMMARY OF THE EXECUTIVE PROGRAMMING MODULES CREATED BY THE 
STUDENTS TO ACHIVE A USER-FRIENDLY MULT I -PROCESSOR SYSTEM 
SUITABLE TO AN AERO ENGINEERING EDUCATIONAL PROGRAM. 

DUE TO THE RAPID CHANGING COMPUTER TECHNOLOGY RECOMMEND— ~ 

AT IONS TO INPROVE THE SYSTEM ARE INCLUDED. THESE RECOMMEND- 
ATIONS ARE DIRECTED TOWARD THE GRAPHICS PROBLEMS AND THE NEW 
COMPUTER ARCHITECTURES NOW AVAILABLE AT LOW COST. 
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BACKGROUND REVIEW 


I h e b asi c: h a r d w a r e a r c h i t ectu r e o f the system has not been 
altered since the last proposal . The simulator is 
partitioned into three processors. The overall hardware is 
illustrated in Figure 1. The Intel 286/10 SBC acts as the 
command executive and graphics high-level control ler. The 
Intel o*86/22 SBC handles all real-time computations for 
control models and simulations- The Intel 186/79 BBC 
converts the high-level graphics commands into the 
appropri ate graph i c s pri mi ti ves and control s the Intel 82720 
q raphics p r a c e s s o r , 

Scjt t ware devel op men t for any si mul at i on is still conducted 
utilizing the operating system RMX86. No attempt has beem 
made, as yet, to convert, to RMX286. At present the Intel 
ol0 development system has . SMbytes of main memory. RMX286 
requires at I east ./Mbytes for configuration. Adding 
another . bMbytes to the system would solve this problem but 
would introduce memory partitioning problems as it. pertains 
to MULIIBUS 1. RMX286 operates in protected address mode. 
Ibis forces a re-partitioning of MULTIBUS space and effects 
all the processors in the system. Memory strapping options 
for the 186/78 SBC arid the 386/22 SBC are limited. This 
problem is still under investigation. 

Input data to simulation models is currently created by 
■ :>0 ^- ware curve generation. Software modules have been 
developed this year to allow keyboard input to command the 
input function and control the type of input, i .e. , a 
doublet, ramp, step, etc. The range of values and sample 
time are also controlled. Analog I/O is available but 
memory partitioning must be altered to accommodate the 
kobotrol RMB-731 analog I/O board. 

the all "glass cockpit" concept of this project is still 
centered around the usage of an inexpensive graphics 
controller and an RGB color monitor. The 186/78 SBC 
controller board is the direct interface to the Prinston 
Graphics SR12--P color monitor. The system still utilizes 
he Intel supplied VDI720 software package. This has proven 
to be inadequate for real-time displays because of software 
overhead. During the past academic year the graphics 
monitor has been utilized for the display of non real-time 
data. The students graph the results of a simulation run by 
displaying normalized curves of appropriate data in rolor 
At present hardcopy of these displays can not be obtained. 

I he simulation system is centered around Intel 's 310 
development system. It will be proposed in the future to 
switch to an IBM F'C/Al for all program development. This 
will make the 310 system the target system for simulation 
runs. In addition the students can develop software at a 
number of sites. 




Figure 1. 




CURRENT STATUS 


The Intel Flight Simulator System is well suited for the 
educations 1 environment because of the cost of the system 
and because it is a modular system. It can be viewed by the 

tool 1 ^ ! r mpletS flight simulator or as an educational 

u designed to introduce senior aero students to the world 
~ fllght simulation. However the complexity of a multi- 
processing system without well established graphics has 
proven to be a disadvantage when the primary goal is 
modeling and the gathering of data. 

thS academic year the emphasis has been to develop 

f r i endl e " iaar y tware modules required to create? a "student 
t-nendly environment on the Intel 310 system. It was felt 
that student concentration should focus on aero modeling, 
input/output scaling, reduction of data for analysis, sample 
time, and frame time. Past experience has demonstrated that 

ird f A * bS Spent lntr °ducing the system 

- utecture, the programming environment, and the 
synchronization problems associated with a parallel 
processing system. The goal has been to minimize this 
overhead as it pertains to student involvement. Students 

model” i n t ^ e °" C ° nVe, ; ting a ™trol or simple simulation" 
mcdcl into an equivalent set of equations. They create 

^loori?K n dat ^ bases and write their own integration 
fi. thm ** ,hese Program modules are linked and located 

IZJZArTtTT T °l\ the 386/22 All software 

necessary to transfer their code the the 386 processor has 

already been developed. In addition the 386 processor 

m0m t0r designed to aid - the execution 

ut trie simulation. 


given rum 


lo achieve the desired environment over 30 software 

Intel 3 lTe^I! ta ? en . deVeioped ’ llnked an d installed on the 
. J Y‘^ em during the past academic year. The 

students invoke the simulation software and follow the menu 
driven injunctions. The menu injunctions allow the" 
student to perform the following operations: 

1. Select and initialize input variables for a 

2. Select the input waveforms and limits. At present 
these include steps, ramps, and doublets. The inputs 

not b“' ".^,?o e 7 le ? th ° A/D conver tor board can 

rental led due to memory constraints. 

Oownl oad the simulation model to the 386/2? SBC for- 
execution After downloading the simulation model the 
initial data base is loaded by the 286/10 processor via 

time 5 tr"7', y - execution, and simulation ™ 

co:Lnd/e,“ecutr:i r :‘ : d bV the 286/10 *><« 


4 . 


f he students can select the amount of data to be 
collected tor display and can direct the data to the 
® system operator console, the printer or th Q - , 
graphics display. At present all data directed "to°the 
console or the printer is in "character" form n 
Hardcopy graphics is not available at this tLe 

'■‘-Pj-.Wock of the system „ 

programmed lr„e t ^ i. ' Up ‘“‘ ted at - 

shared memory. , h e '^22 processor' rLdSTh^ dat' Ti V* 

1 1 aS is 9 " truest he 1 ne- 1 "cal tut •• t " Shared memory . ' If the 

output results are stored in'shared memorv^by' the 386 /o o 
processor and the "data*f 1 ag* i n " fi aq is set "fal4" Tf ' 

t^lroZrTil^l 0 b lyZ " 

store the output data in a buffer located in the lire! 
memo, y of the 286/10 processor. The amount of data 

depend ** ™ troll * d b V the initialization memu and 
depends upon the selected frame time and the overall run 

«"**>*“?"• «» cod. to control the color 

" ithi " th ' -ecutive module on the 

figure c illustrates the basic flow control for the 
^>i mu 1 at i on model executing on the 386/22 SBC. While this 
ow con .mjI model is somewhat general purpose it is 

in flpoondir TS r ,° l r!T U ° f th8 -poriLnt illustrated 
run on the /it “ d ‘ Har '"‘ «i "malt ion experiment is to be 
u Processor it would be the responsi hi 1 i tv 

Ot the students to alter the flow control of Snurl t J* 
meet the requirements of the simulation. 

lhe experiment illustrated in Appendi- 1 i <- * <=• , „, r i r . * t 
Attitude Hold bystem. The students are required to 
r ansi ate a block diagram of the system into a set of state 
vanabie equations. They then test the val i di ty of thl 
equations using MAI LAD. After a correlation is obtained 

usina f beT P T f d r f SUlts the stud ^ts program the equations 
} the ft i gh 1 evel language PLM86. They then prepare the 

rrru^r^ed'H'T^ 6 " " ith tHe necessar V' flow control 
^86/-- F-igure o, for downloading into the Intel 

control leH ,_ r S * ,0r ^° ard ' Fhe downloading process is 
processor , n H tom software residing on both the 286/1.0 

the ^tch fitH ,n "M il c Pr ° CeSSOr ' The PLM86 P r °or am for 
teendi^l , n i Y ™ iS als ° 1 Rostrated in 

^ ' * Results obtained from this experiment were verw 

encouraging, however the amount of effort put forth by "the 
students exceeded that of a normal one or two week 
experiment. ~ K 
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Incorporation of the above experiment into a multi-processor 
system demands a user-friendly environment. For this reason 
the integration of the? above experiment into the aero 
engineering curriculum required the use of a 

command/executive menu driven program consisting of over 30 
software modules linked together and run as the primary task 
on the 286/10 processor. The main module program and an 
ex pi anti on of its primary functions is illustrated in 
Appendix 2. These modules controlled all data entry, 
console displays, printer output, and the formating of 
results for output to the VDI720 graphics package. Results 
were displayed in color on the Prinston Graphics PGSR12-P 
color monitor. The displays could not be run in real-time 
because of the software overhead associated with the VDI720 
graphics package. 


To better understand the limitations associated the the 
VKI720 graphics package the following reviews the basic 
structure of VDI and summerizes its performance. 

Intel provided the iVDI720 graphics package in ROM to handle 
graphics routines such as graphics initialization, line 
draw, text display, circles, etc. Unfortunately, the 
commands to the controller are difficult to understand and 
setup. (his is mostly due to poor documentation on the part 
of Intel. Fortunately, Intel provided sample procedural 
binding to the iVDI720 and it is these procedural bindings 
that are used to access the iVDI commands. 

The graphics controller is attached to the Multibus system 
as a logical device sVDI:. It is through this logical 
device name that ROM software can be accessed on the 
controller. The iVDI720 manual is vague on how to actually 
send the commands to the ROM. This is where the language 
binding procedures come in handy. The VDI language binding 
provides the procedures that send specific commands to the 
VDI device. I he procedures send parameters in the format 
required by the VDI device. 


!° use the language binding, the graphics must be 
initiaiized by the procedure INI TttSRAPHICS (backgrounded or ) . 
After initialization all other language binding procedures 
can be called into action. For the experiment in Appendix 1 
lines were drawn using LINE (x 1 , y 1 , x2 , y2> . Text was 
displayed using ft XT (x , y , f 1 ag , count , poi nter > . Of course the 
appropriate setup needs to be done before calling these 
procedures. The above procedures are found in the file 
WLANG.EXf. It is well worth while to print out this file. 
While the file contains absolutely no comments, it does 
provide the user with a list of commands and required 
parameters. 
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Overall the performance of the VDI package is slow. Its 
performance is on par with graphics on an 8-bit IBM-PC class 
machine. There are no figures available which allow for a 
numerical value on the performance. But from the empirical 
results obtained over several experiments, both real-time 

ill not allow real-time output of a high speed process. 


The only solution for this is to perform the 
direct access to the hardware. In general 
purpose of the graphics module when utilized 
engineering students. However, it is a good 
computer science major. 


graphics by 
this is not the 
by aero 
problem for a 



DRAWBACKS AND UPGRADES FOR THE INTEL SYSTEM 


Over the pant -four years the Intel 286/10 based system has 
undergone considerable change. Most of these changes have 
involved adding additional hardware and software. In the 
beginning it was hoped that the system would provide an 
economical base for real-time flight simulation. Experience 
has demonstrated that the computing power of the 286/10 
coupled to the 386/22 processor is sufficient to support a 
medium sized simulation that operates it real-time. 

However , the system will not support real-time insturment 
displays or any form of an out -the-wi ndow display. This is 
a disappointment considering that PC class machines support 
flight; simulation models adequately as it pertains to the 
graphics. I he models for these simulations may be weak but 
the displays do operate in pseudo real-time. It must be 
stated that the system is well suited to static displays 
like the one's generated for the experiment in Appendix 1. 

It is unfortunate that hard copy of the displays is not 
aval 1 ab 1 e . 

It :i s obvious that the major problem of the Intel system is 
the graphics coupled with system conf iguration limitations. 

I he following suggested solutions would enhance the system a 
great d e a 1 , 

1. Increase the 286/10 memory to 1 megabyte. The existing 
.5 megabytes is inadequate? because of limited strapinq 
options. I/O can only be performed via the keyboard. 

2. Change the operating system to RMX286 and run the 
286/10 processor in protected mode. We have RMX286 
but it can not be installed unless the memory is incr- 
eased to at least .7 megabytes. Running in this mode 
will free up the strapping options and allow for real 
I/O. I he disadvantage is the reconfiguring of all 
existing software to operate in protected mode. 

3. Either rewrite all the graphics software or upgrade the 
graphics processor. Rewriting the graphics software is 
a labor intensive job best performed by computer 
science majors. Upgrading the graphics processor is a 
cost item coupled with the generation of new software. 
Either solution is not very attractive at this point as 
will be exp 1 ai ned 1 a ter . 



This 


4. Run the d86/22 processor board in protected mode, 
will free up an additional 1 megabyte of memory. 

Running in protected mode the 386/22 processor can make 
use of its full 32-bit capability. This would increase 
its computing power by a factor of 3 or more when run- 
ning math intensive programs that require a great deal 
of floating point arithmetic. To do this requires 
pur chasing RMXaB6 and making a major conf i qurat i on 
change to the entire system. This would be both costly 
and require a great deal of man— hours. 

All in all the above solutions still do not create the type 
of system suitable to aero engineering majors who have 
limited computing experience at a system level. The multi- 
processing environment overshadows the main objective of 
introducing basic problems associated with fliqht 
simulation. This can be overcome if aero engineering majors 
were required to take a few more courses in computer- 
science. 

A better solution is to make the system so "canned" that the 
student need not know any aspect of the problems associated 
with a multi -processor sytem. To a large extent this has 
been the main objective of this project and has been 
successful for executing experiments such as the one 
outlined in Appendix 1. However, it must noted that the 
students participating in these experiments were not aero 
engineering majors but electronic engineering majors. While 
the electronic majors did not fully understand the aero 
aspects of the experiments they were fully capable of 
generating the required support software to make the system 
apper user friendly even to a novice computer user. For 
this reason the sytem is now fully capable of supporting 
static type experiments, minus the desired hard copy output. 

While the above upgrades would provide for fullup real-time 
flight simulation experiments this could not be achieved 
without considerable cost ie. , *5,000, and many man hours of 

software development. For this reason an alternate solution 
is proposed. 


AN ALTERNATE SOLUTION AND CONCLUSIONS 


The rapid changes in computer technology over the past four 
years have made systems like the Intel 310 obsolete- At 
best the 386/22 processor can be considered a 3 to 4 Mips 
machine when running in protected mode. Even the Intel 486 
processor can only be considered an 8 Mip machine. With the 
advent of RISC technology coupled with new high speed 
graphics processors the modern “work station" is the way of 
the future. These work stations, varying in computer power 
from 10 to 30 Mips, provide a solution for introducing many 
aspects of flight simulation in the educational environment- 
Their cost continues to fall. It is now possible to 
purchase a 27 Mips machine for under ‘-£10,000. In addition 
there are several manuf act urers , such as, Sun /Sparc , 

IBM/6000, DEC/3 1 00 , HP/Appal 1 o , NeXT , DG/ AVi iON, etc. Not all 
of these work stations employ RISC technology but they all 
seem to be in the same class. Most come with 8 megabytes of 
main memory as standard and most suport LAN technology to 
the fullest. Sever &1 of these workstations have DOS 
emulation as well as UNIX. 

One of the major advantages of these machines, when viewed 
by an aero engineering major, is that the student does not 
have to have a complete understcmding of the system-level 
hardware or software- They do require a working knowledge 
of UNIX but this is basic to most major curriculums. At the 
juni or /senior level the students already have a working 
knowledge of UNIX. 

With this idea in mind the system illustrated in Figure 4 is 
an example of what can be put together for under £20,000. 
This system would support any medium sized simulation, 
provide for all instrument display, give a good out— the— 
window display, and even support avionics displays. The 
system could operate in real-time, for both computations and 
graphics. The advantage to such a system is that the 
student can concentrate on the aero problem and put the 
system configuration problems in the background. In 
addition, the system is tailored to interface to a larger 
network providing a much bigger data base and the 
opportunity for many students to simultaneously work on one? 
problem or one experiment. 

Such a system is already being incorporated into the 
Electronic Engineering Department . It consists of 8 
DEC/3100 work stations with DISC SERVERS. The Flight 
S i m u 1 a t i o n L a b o r at or y a t C a 1 P o 1 y i s n o w c on si der i n q t. h e 
purchase of two more work stations, either DEC/3100 or 
IBM/6000 class machines. These machines would be on their 
own network for high speed communications but would have 
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direct access to the department network for file transfer 
operations. Because the department network is connected 
campus wide students in aero engineering would have access 
to the two work stations reserved for flight simulation. 

It is hoped that this system will create an environment 
where flight simulation experiments can become a permanent 
part of the aero engineering curriculum. 

It should be noted that the Intel 310 system can still play 
an important part for senior project studies and master 
thesis work. This is particularly true for electronic 
erigi neer i rig majors and computer sci ence majors. 


APPENDIX 1 


PITCH ATTITUDE HOLD SYSTEM 


EXPERIMENT 


EL 520 PROJECT 


PITCH ATTITUDE HOLD SYSTEM MODEL AND SIMULATION PROGRAM 


PURPOSE 

1 . Gain experience in the formulation of continuous dynamic system models 
defined in block diagram form. 

2. Gain experience in the programming and checkout of a simulation model 
running on two microprocessors that communicate with each other over 
Multibus I. In addition, gain experience in the formulation of math- 
intensive programs that utilize NDP coprocessors. 

PROCEDURE 

1. From the given block diagram formulate the equivalent system of equations 
for the system simulation model. 

2. Prepare a PLM-86 program that implements the simulation. The program 

shall consist of 5 parts: 1. The main module; 2. A procedure to simulate 

the input to the model; 3. The model; 4. A procedure to output the results 
to a printer in numerical form and output the results to a CRT in 
araphical form; 5. A procedure to handle communication between the 286/10 
processor and the 386/22 processor. 

3. NOTE: The simulation model should run on the 386 processor . All results are 

to be passed to the 286 processor for scaling and output. 

4. Refer to the block diagram. With the elevator servo locked at zero 
position run the short period response of the airframe to the +/-10 
elevator dublet and verify your pitch rate response with the dynamic 
check data. 

5. Run the complete simulated pitch attitude hold system response to a +5° step 

command Oc starting from zero initial conditions. Plot the following 
variables versus time: Oc } Sc > © 

6. Run the step response withKre = 0 simulating the loss of pitch rate 
feedback. 

NOTE: The following time constraints apply: Step size (DT) = .001 sec 

Sample time = .01 sec 
Run time = 10 sec 

7. Prepare one report that presents your methods, results and interpretation 
of the system performance. 
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APPENDIX 2 


286/10 COMMAND/EXECUTIVE MENU CONTROLLER 
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iz h e c. k -F a r i n t e r r u p t t h i. s p r o c e d u r e c: h e c k s t h e s t a t u s b :i. t o t t h e 

0 2 5 4 t o s e e :i. f i t h a s r e a c h e u t e r m i n a 1 c: o u. n t y e t 

It returns true if it has 

* .# .* .w * , n . M . # * # * .y. * * .* * * * # * if # * if if # * * •* * -X -K- * if -if * * S * ir * -ft* * * * * * * * * * * * * * * * * * * * * * 


c I"? e c k f o r i n t e r r u p t : 


P r o c; e d u r e b y t e ;; 


ieclare 


read back control word 1 i tsral 1 y ' ODBH ' , 

1 i ter" a I ]. y ’’ BOH ' , 

v bytes 


sTi a s k _ b y t e 
s t a t u s c o u n t e 


end 


output ( 1 3254 control word^addr ) - i 8254 r ead._.bac k_con trol ...word 5 

status counter _2 * i nput ( i 8254 „counter „2 addr > and mask_byte; 

i f ( status... .counter 2 = mask„byte> then return (true) ; 

e 1 s e r e t u r ' n < f a 1 s e ) ; 

c h e c: k f o r _ i n t e r r u p t ; 


/ .* # :}+ :£ :$ :|t :{:j: # .fl: :{:{: # ji # # it # 4 4 4 # it # it it ii : # # : !t # t! tt it it 4 : !t # # It # # it ti # # it rr tt li’ : Si : it # ii : # # # # it it tr it # it ’4 tv # # H H rl- # 

routine which handles communication between at>6 and coo 
^ ^ :|i ^ :j:i: ^ ;H: r|:l :{! :f:|: # # # :jt # # # # it # # # it # t! ; # # # t! : # it # # : !t it # it 4 it : lt tl : tt it # # 4 tt # 'it it # # # it 4 4 # # # it ti it it # *4 *«* ' 


/ .y. y. ^ .y. .y. .y. .y. y. # .y. .y 45 - .«■ y y it ft- if -K- * -K- 4 f -Jf ff -K- * ff * * ff ff H if ^ ff * if * if ^ ^ ^ ^ >' r * ^ * ' Kr *' ^ ^ } *‘ ^ ' 

this procedure takes the next value of the 


t i iw e r i. n t e r r u p t r o u t i n e ~ 


input signal and gives it to the 386 simulator 
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t hi 0 1 a o u t i. n t h a s i rri u 1. a t i o n d a l: a a r i'“ a y « 

I I a 1 s g s e t s c o n t i n u e s i m u 1 a t. i o n f 1 a q f o r t h a 5 8 6 

an d re.!, o a d e the 1 1 fiiei « 
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- pointer to the next available location in the 
e :!. iii u 1 a t i o n d a t a a r r a y , 

s&t to true if we a re supposed to store into 1 1' oni 
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* * * * * * * * * * *. * * # * * * * * ****** * * * * * * * * * * **** * * **•* * *** * * * * * * * « * * * * * * * * * * * * * * * * / 
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1 3. mer 
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□ r DC 
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stri ng 
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out q 
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theta ref input jsiqnal (time index; r, 


conti nue„si mul at :i on_f 1 ag ~ true; 
end tiffler_ i n t e r r u p t ... r o u t i n e ;i 


/ X- # ^ J: # :j* # th i+ # 4+ 1+ tM+ i+ 4+ # 1+ 1! : if 4+ # t! : # +1 # tt +1 ^ : H +1= 1+ !+ # 4! W ‘+ 2! ^ ^ ^ f ^ ' !+ 1 " *’ *’ *' ” * '' 
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*** ***l****** *** t***************************™*****™™’ 


-ft -ft- ft- -ft- * & -X- it -*f W * % -ftr vs ¥:■ ftr 
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0 j-j ei 3 e t u p s i n* u 1 a t 1 o n n 
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p t r 
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- pointer to the value for the sample time 

to the value for the time step size 


amp J. e_‘C. :i. me 

i sTiO stop SI *■:. fa? itttvft i « -t. .-- j 

pointer to the value for 'the simulation 
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procedure (ptr_sample__t .i me H ptr_t i me_s tep__s» 
p t: r s i. sTi u 1 a t 1 o n _ t i rn 0 ) 1; 
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, . -i j t . a, .... — -j r-. r~. 1 t +■ •::: i f-j p pi 3 fl rj ™;. X mU i. a t .1 Of : v Ul 3- 3 b i fa. 

/ -K- 1 n 1 t 1 a 1 3. 2 0 t h t~ timer , 1 r. p U U — 9 1 ■ c - " ’ - t , , .. A. .: ..... n . 5 - «> 

cal 1 setup _si mul ati on (Qsampl e.time , @ti me_step„size, tibi mul au un.ut 


cent i n lie si mul at i ui c_. T ^ * ! <:ri ^ * 
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a 1 array that tells 
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::::: tj j| 
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'else variable i nto (selection 1 5 . gr aph.var i abl e - 
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¥ . £ ,y.. .y. ,y. .y. ft. ft ft- ft- -ft ft 4:- -ft- ft- -it* ><r -ft- -ft* * ft* ft- ■* * * * * ft * ft- « * ( . 
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s e t u p q r a p h i c s _ d x s p 1 a y 


• this procedure sets up 
b y c i e a r 1 n g t h e s 
a n d 1 a b e 1 i n g t h & 1 1 m e 
size of the display screer 


.y. .‘jy -t-t y tf -yr ¥: ¥ ¥: A: 

.if. H k- 

s up the grap 

hies displ 

r e e n . t d r a w i n g 

the graph 

line axesu It 

-j *! C : rotor 

<:#, i «*:■ w I t, l ... \.a : 

. v s c r* e e n a n d 

sets up th 




P a r a i t s e t e r s 

max i mum x .._P t r 


no i nter to the max i mum x val ue of the d x sp i ay 

t h e d 1 s p I a y 

;• } -j p <5. t ar t i n q t i m e o t t h e d a t a t o b e □ i sp i. a y e d 
the ending time of the data to be displayed 


maximum_y_ptr pointer to the maximum y value or cne 

start time 

e n d t i rn e 


.. » ***•«■** ■«■■«■****** ****#**•!<•■****■***•* 

w- -%r -«• X- X- -X* X- -ft- X -X A: A: "s-r ~r :r- >•/ A. r-. 


-ft- -X ' 


:up q 


i r - a.n h i c: s d x sp 1 a y - 


P J-- r ; , (;;; p Q U T 0 ( O S X J. Hi U. if l _ X _ p ! t V “ h * ^ a X 1 f i U i 1 1 .... V j- 


/ otr , start ti 


dec i are 


max i mum__x ._..p tr 

max i mu mi y p t r 

max x mum x 

max i mum_y 
st ar t t i me 
end _ t i me 
tex t str i ng 


p 0 1 j 1 1 © !'■' v 

poi nter , 

hi a s e d m a x i m u m x p t r 

D a s e d m a 'i. m la \ 1 1 y p • 

real , 
real 
str i ng ;; 


1 nteger , 
1 nteqer , 


m a x 1 Hi la nri K ti 4 u « 

max i mum _y :r:: 4/o:; 


/¥ draw the n and y axes */ 


i... .i. .!. t^: U -i-* J. r I -H ' -- ' 1 r '• -L - l -‘- - «■ 

c a 1 1 1 i n e ( 75 , 0 ,75, 490 ) ; 
c a 1 1 1 i n e < 0 ,28, 640 , 28 ) ;; 

/* 50 *t the t y p 0 of text we will be displaying on our gi* e*ph 

c a 1 1 s e t $ t e x t $ -f o n t $ i n d e x ( 1 ) ; 

cal 1 set$c:haracter$height ( 6 ) 5 

cal 1 set$character$path ( 0 ) ; 

c a 1 1 s e t £■ c h a r a c t e r $ o r i e n t a t i o n ( 0 , 0 , 2 , 2 ) ? 

c: a 1 1 s e t $ c h a r a c t e r $ s p acing ( 1 « 0 ) ; 

c a 1 I r e a 1 s t r i n q ( s t a r t _ t :i. m e , © t e x t s t r i n g ) 5 

cal 1 t ex t ( 80 , 20 ,, 0 tex t _ st r i ng « 1 en ,, ©tex t str i ng tex t ( U j ) 
c a 1 1 r e a 1 s t r i n g ( e n d t i m e , © t e x t s t r i n g ) ;; 

c:: a 1 1 t e x t ( 5 5 0 , 2 0 , 0 t e x t s t. r i n g „ 1 e n , @ t e x t s t r i n q „ t. e x t ( 'O ) h 

n d s e t u p g r a p h i c: s d i s p 1 a y ? 

•- .* * * * .* .*** * * * * * # * * * * * * * * ******* * * * * * -X * * * * * * * * * * *** * * * * * * * * * * * * * * * 
q e t var i. a.b ]. es t o b e q r *ap 1 ted 1 I * i p* r - 


dure asks 

t h e la s e r w h :L c:: 1 * 

i varifi 

b 1 es 

i mul at :i. on 

he wishes to 

ii splay 

as 

the color 

m o n i t o r 




parameters- 

variable_irrfa_ptr - pointer to a structure,, One of the fields o 

t h :!. s s t r u c t u r e ( g r a p h .... v a r i a b 1 e ) i s s e t t o 1 1 

i t the var i ab 1 e siioul d be d x sp 1 ay* eci 

- 4 - -s- .ft ft -ft -ft * -ft -ft .ft * -ft -ft -ft ft -ft 4?- ft ft * ft 4c 4# ft ft ft 4^- f? 4* *H- * >f X *• >r 4f * * 4fr * ; x- * >f Xf x>- # ¥r * S * >:• >■: *r * r>- 




end ’ 


c a . 


" - ) ) ? 


b 1 e s t o b e _ g r a p h e 

d : procedure 

r e 


a r i a b 1 e __ i n f o jj t r 

jo o i {'*'i t. e r , 

a r i. a b 1 e . i n + o 

Ij a S-- e cl v a r 

ij. t p u t __ s - 1 r i n g 

st r i ng , 

e 1 e c t :i. o n 

i nteqer 

o n e c h o o 'S i n q 

byte , 


i nteqer ; 

1 1 x a 1 i z e v a i'“ i a b L e 

info so that 

1 e s s t. h e u s> e r * a s k 

s for t hem to 

- 0 t o ( v a I* * i a la 1 e s 

- i ) 5 

ar 1 ab 1 e _ i n f o ( x ) « q 

r a p h ... v a r i a b 1 e 

c 1 ear # screen 


s p 1 a y t h e v a r j. a b 1 

es that the us 

wr i t e 1 n ( c on , © ( 0 , 

Choose the va 

== 0 t o ( v a r i a Ij 1 e s 

•| J II 

i 1 ]. i n t & g e j-'*' s t: r i i t g 

( :L h- 1 , ©ou t p ut _s 

1 1 1 a p p e n d _ s t !“* i n q ( 

Sou. t put string 

« 1 1 a a p e n cl .... s t r i n q ( 

© o u t p u t _ s t r 1 n g 

\ i .!. a. p p e i "i d _ s 1 1 ” i n q •- 

©out p at s t r i n q 

il 3. wr 1 1 e 1. n < c: on . s © 

! o u t P li t _ c:- 1 r i r i q ) 

wr i te J. n ( con , © 2 , 

- \n " ) ) 5 


-I / i 


graph : 




/Xr ask him which ones he wants to graph 

c a 1 L i n t eq er s. t r i n q < ( var i ab 1 es+ 1 ? , @ou t p i.t c s t r i n g «i 
cal 1 append _str :1. ng ( ©output st r i ng , @ < 0 , 


i. 


c a 1 I wr i t e _ 1 n ( c o n , { h i >: , 


d o n e c h o o s i n g t a x - h 


do while (done Liiuosing - ' ~- ( - 

cal 1 get . i nteger_parameter 

) ;; 

( @ < o , 

’’ n u m b e r o t i » e v a i - i a b 1 e 

to be disp 

n ~ - > 


1 . ec ti on , fal se) s 



? 0 se: 


■j ( c :.0 i 0 c i„ 1 u { i ( v a* i s i c 

el ss var x ab 1 e i nt o \ so x - 

-i - i > 

act i of 

) t h e n d o n e _____ c h o c> s i n Ci 1 

■‘i j_ ) „ q r a jj h v a r i a d . 1 . e 

:r ue; 
true ;i 


end 

0 n d cj e t v a r i a b 1 e s t o b e g r a p b e ? 


x r a in © t e r s 


e n c! cl a L a p 1. p t r 

star t t i me___.pt r 
0 n id t i m 0 p t r 

if •£• if ■>> f if -f yf ¥: If f ff # >f *f f f K f 

q e t t i r n e d u. ! “ ax t i o n t. a 


•£ ■■■: ’f if >f f f 

C >4- ^ -if -if ->f -If ff -Jf ■ jf ff 

-if -if f;--^ H -K- 

-¥ *• v:. -iv 

,j.j. -!;■<- -i-:- ■ ..v". ■ jf ■ ff- -if -jo 4*- -f 


ri p ! 1 - 

t. ti :i. s j3 r o c:: e d u 

r e 3Si’ : . 

s wh 

ich portion of 

the 


si mu 1. at :L on d 

at a th 

e u s 

e r w i s r i e s- t (-> d .s 

splay 


It then cal c 

ulates 

t h e 

start! nq and c 

-?ncl i ng 


d .f« t a p o i n i- s 

t. a b e 

cl i sp 

3. a y e t.l b a s e d o n 

thi s 


:er to the val 

u e ci f 

the 

star ti nq data j: 

:«t to 

r! i <^p ] 

L ayed 





13 o i n i 

l. e r o t 1 1 1 e v a 1 

u e □ + 

t h e 

ending data pt 

t o h e- 


n o i n 1 0 r t.'. e 
n o i n t e?r t c 


the start! nq time of the data to be o i : 
t h e e n d i n ci t i rn e of t; h e d a t a t u b e cl 1 p i 




apn s 


dec 1 are 

s t a r t d a t. a p t _ p t r 

en d _ d a t a_ p t _p t r 


s i mu 1 at i on t i me 

n ix m h e r _____ o f d a t a p t s 

si - 1 a r t _____ d a t a p t 

e n d ci a t a p t 
star t __.t i me 
end time 


P r o c e d u r e ( s t a r t ... cl a t a ... p t _ p tr ,e n d .... d a t a p t p 1 1 


1 1 in & o t r s e n o c x rn t; j... 1 l. i 


si mu.i at i cm i 


t i. rn e , n u n i b e r (j f d a t a ___. p 1 


pointer , 
poi n ter , 
p o x n t e r t; 
poi nter ,, 
real , 

•j. nteqer « 

b a s e d s t a r t __ d a t a _ p t _ p t r i n t e g e r 
! j a s © d e n d ci a t a ___ p t p t r i n t e g e r' ■» 
b a s e d s t a r t t i m e p t r r e a 1 , 
b a s e cl e n cl _ t i rn e p t r r e a 1 , 


real str :l. nq 
cal 1 cl earls creen 


cal :l 

wr :i. te_l n 

i c on 

cal J. 

real _„str ; 

i n g ( i 

cal 1. 

write In 

( c on 

cal 1 

wr i tel n 

(con 

cal 1 

wr i te n 

( C Of! 

c a 1 1. 

wr i t e__ J. n 

( c con 

cal 1 

wr i tel r * 

( c on 

- ■* 't 
L_ iZ\ 1 -i. 

get real 

™P ar 

cal 1 

get real 

par 

/ f q i v e n t h e 

st ar 

ci 

at. a point 

i n 


str i nq ; 


t h e t o t a 1 s i m u 1 a t :i o n t i m e w a s 




s t a r t i n g t i rn e ^ '' ) * s t a r t t x m e , u r 

en d i n q t. i me ' > , Sen d t i me , t r ue 


ig and ending times, determine the fii st and last, 
oint in our data that we will be displaying */ 


1 ayed 


i + o 


spl ayed 



+ 1 3 


end d at a p t 

e ) ) + 1 3 


fix (float (number _of_data_pts - 1) * (end_ti me/si mul at i on_ti m 


end get t i me_dur at i on_to_graph ; 

/****»*************************************************************!***** 
q,-aph line - this procedure graphs a line on the color muiutur. . 

display is really screwed up though, because o,u i* in L..e 
hot ton' left hand corner of the screen., I hat means 1 -*ave 
to subtract 480 from my y coords in order to get tnem in the 

r i ght pi ace 


p a r a rn 0 1 e f s 
start.ji - 
start __y - 

end x 


s t a r t i n q x c o o r d i n a t e 

s t a r t i n g y c o o r d i n a 1 0 

e ft d i n q x c o q r d i n a 1 0 

0 n d :i n g y t o o r d i n a t e 


^ # *. K .*********»*#**-fr***^*->p*^***- K •• - ? x * * 

n r Q c e d u r e ( s t a r t _ x , s t a r t _ y , e n d _ x , e n d - V • 5 


gr aph_.i. 1 ne s 
dec 1 are 

start x 

star t __y 
end.j< 
and y 


x n 1 0 q 0 r » 
i nteger , 
i nteger , 
1 nteqer . t 


o la t p u t _ s t r i n g 
start y = : = 475 


1 • y 


4 7 5 - start_ys 

end _y ::: ~ 4 75 t?nd_y:; . ^ 

call 1 ine (unsign (start,;:) , unsign (start_y) , unsign (enuj 


x ) , u n sign < e n d y 


0 n d g r a p h , 1 j- *’ t 0 *1 

/##+++++****#****■*•**'************ -i***^*^*******'***********^*'**'*^^ * v ' " ,r 

* 0 ( 0 1 graph sizes - this procedure determines the maximum and minimum 

a ” values for each variable to be displayed so 1 «- 

can scale the graph correctly. The user may 

set these by hand or this procedure will do it for 

h i ffi au.t ofnat :L c a 1 1 y .. 


variable info_ptr - pointer to a structure that contains info about 

each variable such as its max and nun venue »"u 
whether it is to be graphed or not 
r ^ rt . data nt - the starting data point to be displayed 

iir ^ i« data P o,„ t to bB 

t************************************************'' 


-ij. m . .1?. v; -£■ h; ■«* -j£ ->f -Jf ft - -& >*•* *<■ 


g 0 1. _ q r a p h s 1 c e 1 : 


P q r e d u r e ( v a r i a b 1 e .... i n f o p t r , s t a r t ., d a t a _ p t , e n d d a 1 


v a r i a b 1 e ,in f o p t r 

v a r i a b 1 e i n f o 
s t a r t ., d a t a _.pt 
end data_.pt 


Q O X i i t 0 »' u 

b a s 0 d v a r x a ! j 1 e i n f o _ p t r ! -. i ) g r a (. j ■ i ■« 
i nteqer , 
i nteger ? 
i nteoer « 


Y ' ) t 




r 1 n q 


str :i. rig ;; 


if unsiA 


* er to question <@<0, 'do you wish to resize your graphs r v ) ) 


hen 


i o t o ( v a r " i a ta I e :::> " .1 .• ? 

c a ]. 1 c: ]. e a r $ s c r e e n 5 

t e >i t s t r i n q - 1 e n = 0? . , , ^ 

a 1 1 ap p en d ...st r i n q ( @t ex t st r i n g , @ < 0 , ' d o you. w 1 sn _ t o resize 

cal 1 append _.*stri. rig <@textstring ,@vari abl e„name U ) ) ; 
call append s tr i ng ( vM Lev tsizr i. ng y u - ? 

i t ( v a r i a b 1 e i n f o ( 1 ) , g r a p h .... v a r i a b 1 e = t r u e > t h e n 

if (answer to quest i on ( @tex tstr i ng ) = ' V ' > then 


) ) 


hen 

v a 1 ue ) 
at ( i ) : 


t h e 


1 t 

d o 


var i 




var :i. a hi e 1 nf o •’ i ) .. mi n val 


si mul at i on ( i ) . dat (start 
si mul at i on ( i ) « dat (start 


d at 
d ,-i t 


a_..pt 


pt 


do j = ( St ar t_d at a_pt + 1) to snd_data_.pt; 

if (si mul a tion (i ) . d a t < . j ) > v a r i a b 1 e _ i n f o d > . m =* ■< ... 

var i ab 1 e i nf o ( 1 ) . in ax ■/ a 1 lig = si iTiul a L i on 1 i • - 
else if (simulation (i ) .dat < j) < vari abl e._i ntc 


val ue > 


dat ( 

{ *i ) „ 


ti i n 


v a r :i. a b 3. e i n f o ( i > - mi i n v a 1 u e " ::: 


simulation ( i ) - d 


end ; 


b v hand r* 


ue 


i f ( a n s w e r _ t o _ q u. e is t i o n < © < 0 ? ' d o y o u. w i s h t o r e s i z e t h e q r a p h 

) ) ' Y ‘ ) tl'10H 


c: si ]. 1 cj e t r e a 1 _ p a r a 1 i » e t e r ( $ ( O 


^ar i ah 1 e x n t o ( :l ) 


.1 ue „ true; 


c a 1 1 q e t r e a 1 _ p a r a m e t e r 
/ j 3 i;j j 0 j, n t o ( i ) » m i n _ v a i la e ? l. r u e ) <! 
end ;; 

i f < -var- i ah 1 e i n f o < i ) - m i n va 1 Lie 


m a >i x si: li in g r a p h v a x 

m :L n i m u m a r a p h t v a 1 


t h e n 
1 - 0 it 

. 5 ) ; 

I ue “* o M 
1 ue -*• oft 


v a r i a b 1 e i n t o ( x ) «• m a v _ 


a 1 u e ) 


do 3 


f < vari abl e._i nf o (i ) min._val ue - 0,0) then offset 

e i s e o f f s e t = a b s ( v a r i a b 1 e ._ i n f o ( i ) » m i n _ v a u e ■* o 

variable info(i) . mi n_ value = var i abl s_i n-fo ( i ) . mi rt_va 
t a r i a b 1 e i n -f o ( i ) , rn a x ... v a 1 u e v a r i a b 1 e ._ i n + o ( i > - m a x .... v « 


end ; 


e n d ;; 


var i ab 1 e_ i n f o i i > « g r ap ! i _.s i z e 


eno ; 


var i ab 1 e i nt o 

var i ah 1 e _ i n t c? 


mi n val ue 

m a ;-c v a x u e ;; 


b n d q e t _ g r a p h s i z e s 3 

/ * * ¥r S j#- V V » -K- V * * * Vr * ^ * * * * * V * * * *c * ¥t ¥: * if 

1 a b e 1. q r a p h - t h i s p r o c e d u r e 3 . a b e I s t h 


.y. ,y. .y. y. .y. -y. «• V fv- -tf- -r.- V -V V fl- ft V V -V if V. r- « -S- 

of the? graph with trie 



U'T 


L. 1 i t-.i 


V cl I i. c.l U J- t~ 


ma 


m: 


Para vlriahle info ptr - pointer to a structure that contains info about the 

variable such as its max and mm valuer 
values x - the x coordinate where the max and min values are 

max_val _y_.pt r 
m i n v a 1 _ y p t r 
name_.x .....ptr 
na me_y_.pt r 
col or .ptr 
var _num 

)f ¥■ -if -fc- 4f *<■ TC -fr *K- 

1 abel _graph s 


written in 


t h e 

screen 








coor 

d i n a t e 

on 

the sc 

reen 

wher 

e 

the 

t In e 

var i ab 

le 

shcjul d 

be 

wr 

i tt 

e 

n 

c o or 

di nate 

on 

the sc 

r ren 

w 

her 

e 

the 

t hi e 

var J. ab 

le 

shoul d 

be 

wr 

i tt 

e 

n 

c: oor 

d i nate 

wh 

e r 0 t h e 

narr 

e 

ot 

t 

he 

e wr 

i tten 





of 



coor 

cl j. n a t e 

Wh 

ere the 

n a fvi 

e 

t 

t 'l 0 

wr 

i t ten 








*1 Or" 

t hi a t a 1 . 

I 

thi s st 

uf-f 

sh 

oul 

d 

i b v-f 

■> var 

■ i a b 1 e t 

. O 

be di sp 

1 aye 

:-d 




y it - V- ■¥: T< 

■ *]t; -;S?' 'i** ‘fy 

■ K“ ?T 

4 .” -Vs -irf- iv -yf -p; 

■ -w- v- r x 

v>- # 

• ■>*.- Yv t 5 ! 

:• v . 

-*/ 


p r o c e d u r 0 ( v a r i b b J. 0 __ i n *f o p ■- » •» v ’ ^ 1 w *■ t 

,•••{ a v a 1 y p t r ,, Hi i n v a 1 _ y p t r * 

n a m e ._ x p t r , n a ra e _ y , e o 1 o r ._ p t r , v a r ... n u m 5 


c.J 0 c .l a s' 0 

v a r i a b 1. e i n t o _ _ p t r 
rn a x v a. I y p t i 
in i n va 1 „y._ p t r 
n a five _ _x _p t r 
col or _ ptr 
v a r i a b 1 e _ i n t o 

maw val y 

f*i 1 n v a J. y 

n a m 0 x 
name y 
val ues_ x 
col or 

va r niuti 

tex t str i rig 

c a 1 1 5 e t $ 1 i n e $ c o 1 o r ( c o 1 o r ) ;; 
r a 1 1 is e t. t: e x i; -t : c o 1 o r ( c o 1 or ) ;; 
color = color •+■ i 
i i ( c o 1 o r > 1 5 ) t h e n c o 1 o r 


poi nter , 
pol nter 
poi nter ^ 
poi nter , 


poi n t \ 

'••• 1 f 

based 

v a r i a h 1 e _ i. n f o p t r ( 

based 

m a x v a 1 _ y p t r w o r d , 

based 

m j. n v a -1 v P f 1 1 w cj ; ul h 

based 

n a iti s _ ji' 3 1 r“ w o r d H 

word , 


word 


[j 0 . s 0 d 

c o J. o r __ p t r w o r d , 


i nteger , 
str i ng ;i 


str i ng .« 1 en @te: 

t st r i ng 

n uni ) .. i Vi i n __ v a J. u e 

, etex t ...st. 

str i ng « 1 en 5 St e: 

,<t„string 

■ ax val ue and in 

i n val ue 

ir the next gra 

P h t h e '/ w 

this graph &/ 



c a .1. i r e a j. s l r x n y ^ v o. ? j. u j. - •••- * - *- 

c a 1 1. t ex t ( va 1 ues_x 9 max va 1 y ? ! - ! ? 
r a 1 1 j ” e a 1 _ s t. r i n g \ v a r i a b -1. e i n f o ' v <= 
cal 1 text (values_x , mi n val _y,0, text ..string 

/•* change the y positions tor the 
put on the max and min values 
over the max and min values tc 

ni a. x v a J. y i *> i u x v a 1 y -■ -■ - 

m i n v a 1 .... v ; = m i n v a J. _ y + 1 ‘.i ? 

cal 1 text (name ...x ,, name_y , 0 , var i ab 1 e ..name '.var _nam *-i i , 
©variable name ( var_num> - text (0) ) 

name x = name x + <8 * var i ab 1 e_name ( var num) . 1 en 1 5 

e n d 1 a b e 1 _ g r a p h 


text (0) ) ; 




VJ' -■! 


par 


•* M- 4 *> 

qrap 


.../ i i e.t 


f a i " :i. a Id 1 e s t h a t. h a v a 
:• i mu I at i on 


... i i m- t-j I i i ! • • • • . . 

b e e n r e c o r d e d d u. r i n q 


i:. he 


a me ter 


simulation time - the total time -for the simulation _. 

-ample time - time between successive samples of the inpu: signa . 

time between display updates erf the simulation data 



h =i „vii Ati on data! procedure <sample_time ,time_step_size, 

‘ ~ simulation.. time) ; 


samp 1 e..._t i me 
t. i me st 0 p s :i. z e 
s i mu. 1 at i on _ t i me 


real. 

.... ... *j 

real ■, 


s l. a i ' t t i m 0 
e n d ___ t :i. \ n e 
s t a r' t _ d a t a _ p t 
o n d d a t a p t 


n t 


d on e _ g r a P ^ x n g 
t i r - o t. p o i n t 


real , 
real , 
i nteger 
i n t eger 


umber of dat apts i nteger 


i n teger 
byte , 
byte H 


max val 
mi rival _y 
name_x 
col or 
max i mum_x 
max i mum _y 

X ___ p O :::> 1 t 1 O H 

y_posi t i on 
old x position 

ol disposition 

graph_Ktep_sizs 
of feet, 

offset y 

s p a c e h e t w e e n _ d a t a _ p t s i n t e g e r « 


worn , 
word 
wor u n 
w o r d ? 
i nteger ^ 
i nteger 9 
i n teger :i 
i nteger * 
i nteger , 
:i nteger , 
i nteger « 
i nteger » 


max _vai ue 
min value 


real 
real , 



v a r i • 

ab ]. 

e i 

n f 

o ( 

v ar i a 

b 1 es 

) 

graph 



/ 4 i. 

start 

ti 

me 

an 

d 

end t 

x me 

d 

of i ne 

to port:!, on c 

3-f the si mu. 


that 

l .i. f 0 

wi 1 

i 

be 

d 1 Sp 

layi 

n 

q i n o 

is. r graph 


S t 

ar t t i 

me 

::::: (j 

- 0 

1 »i 







e n 

d t i me 

= : = 

s :i. mul 

at 

i on __t 

, i iTi e ij 





/ •¥.- 

set b 

oun 

dar 

i 0 


on tin 

i e p o 

r 

1: i 0 n c 

) f t !"l e C !'“ 0 0 f 

1 in which 


g r a j--' ' \ 

i ng 

an 

d 

s e 

t the 

.'i 0. j“i ,3 

c 

1 n q b c 

[■tween cui i 

:::: u t i v e d a t a 

of 

f set ji 

= 










Of 

f S e t _ y 

::::: 

30 ; 









d a 

ne_.gr a 

phi 

• 5 g 


f a 

.lse; 






sp 

a c e L.< t. : 

two 

•e*n _ 

data 

,_.pts 

1 •■ 
-i- H 








n e 

4 *- / 


number. o f data_pts = f i x < si mul at i on_t i me/t i me ...step... si z e ; 


Ml.). I I V t:‘. .*■ 


max 


y — -i- ‘-. -.i 



name_x == 
call get 
call get 


GO ;; 
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